Background Home tracheotomy mechanical ventilation (HTMV) can prolong survival in patients with amyotrophic lateral sclerosis (ALS) when non-invasive ventilation (NIV) fails, but knowledge about HTMV is scarce. The aim of this study was to determine the causes of tracheotomy and the main issues of 1-year HTMV in a cohort of patients with ALS.
ABSTRACT
Background Home tracheotomy mechanical ventilation (HTMV) can prolong survival in patients with amyotrophic lateral sclerosis (ALS) when non-invasive ventilation (NIV) fails, but knowledge about HTMV is scarce. The aim of this study was to determine the causes of tracheotomy and the main issues of 1-year HTMV in a cohort of patients with ALS. Methods A prospective study of all patients needing HTMV was performed in a referral respiratory care unit (RCU) from April 2001 to January 2010. Patients' informed decisions about HTMV were fully respected. Caregivers were trained and could telephone the RCU. Hospital staff made home visits. Results All patients (n¼116) agreed to participate and a tracheotomy was needed for 76, mainly due to bulbar dysfunction. Of the 38 who had a tracheotomy, in 21 it was performed in an acute setting and in 17 as a nonemergency procedure. In 19 patients the tracheotomy was related to the inadequacy of mechanically assisted coughing (MAC) to maintain normal oxygen saturation. During HTMV, 19 patients required hospitalisation, 12 with respiratory problems. The 1-year survival rate was 78.9%, with a mean survival of 10.39 months (95% CI 9.36 to 11.43). Sudden death was the main cause of death (n¼9) and only one patient died from respiratory causes. No predictive factors for survival were found. Conclusions Besides NIV inadequacy, the ineffectiveness of mechanically assisted coughing appears to be a relevant cause of tracheotomy for patients with ALS with severe bulbar dysfunction. Patients choosing HTMV provided by a referral RCU could have a good 1-year survival rate, respiratory problems being the main cause of hospitalisation but not of death.
Although respiratory problems related to inspiratory and expiratory muscle weakness and to upper airway muscle dysfunction are the main cause of morbidity and mortality in patients with amyotrophic lateral sclerosis (ALS), 1 the use of appropriate respiratory muscle aids can change the course of the disease dramatically. Non-invasive ventilation (NIV) and mechanically assisted coughing (MAC) can prolong survival, 2 3 reduce hospitalisations, 2 improve quality of life 3 and relieve symptoms in patients with ALS. 2 3 Nevertheless, when bulbar dysfunction (BD) reaches a critical level, non-invasive muscle aids become inadequate 2 4 and it is essential to perform a tracheotomy or to intensify appropriate palliative care.
Home tracheotomy mechanical ventilation (HTMV) can prolong survival for patients with advanced ALS, 5 and this is the procedure of choice for those who want to continue living. 6 7 However, when one examines the guidelines, the paucity of information on HTMV (the best time to start, the right procedures, main complications, real burdens, etc) is clearly inferior to the information available for other ALS management procedures. 6 7 This lack of information could be related to the small quantity and the protocol limitations of the studies available on HTMV in ALS. Although they provide new and valuable information, the existing studies are retrospective, 8 the HTMV management procedures are not well described 5 8e10 and most of the patients included have had an unplanned tracheotomy.
8 10e12 Despite the fact that the expert guidelines 6 7 13 have for some years highlighted the need to ensure that patients are fully informed before making a decision about HTMV, the available data 8e12 show that, in clinical practice, this rarely occurs.
The weakness of the available knowledge about HTMV has a negative impact on physicians' decision-making and on the quality of the information with which patients are provided, and this could be one of the reasons for some treating physicians lessening the patients' autonomy about HTMV decisions. 12 14 In the current scenario the best clinical practice for this therapeutic approachdone that will have a dramatic effect on the patient's future and that of their relativesdis difficult to achieve. In order to contribute to scientific knowledge on this critical issue in the management of patients with ALS, the aims of this study were to determine the causes for tracheotomy, to analyse the main post-tracheotomy complications, to determine the causes of death and to search for the predictive factors for 1-year survival in a cohort of patients with ALS with HTMV under the care of a referral respiratory care unit (RCU) and on the basis of informed shared decision-making.
MATERIAL AND METHODS
This prospective study was performed in a referral ALS unit from April 2001 to January 2010 and included, after informed consent, all the patients diagnosed with probable or definite ALS 15 managed at our RCU. Exclusion criteria were refusal to participate, pulmonary disease or another disease with a poor prognosis. The study protocol was approved by the hospital's ethics committee.
A pulmonologist informed all the patients and relatives about the respiratory problems of ALS and the circumstances in which a tracheotomy might be necessary, its effects on life support and on the progression of the disease and the associated See Editorial, p 932 < Additional materials are published online only. To view these files please visit the journal online (http://thorax.bmj. com).
burdens. Treatment decisions were taken on the basis of informed shared decision-making 16 and advanced directives were recorded.
Clinical and functional assessments were made in the 3-month period prior to the tracheotomy as described previously.
16e19
Patients were also evaluated with the revised amyotrophic lateral sclerosis functional rating scale (ALSRFS-R) 17 and the Norris scale bulbar subscore (NBS). 18 When necessary, non-invasive muscle aids were applied. 6 13 A tracheotomy was considered necessary for the following: , and/or patients felt continuously encumbered or dyspnoeic. Tracheotomies were performed percutaneously in the ICU and patients returned to our RCU within 24 h. Once the patients were medically stable and caregivers had been appropriately trained, they were transferred home. 21 HTMV was delivered with a volume cycled ventilator through an uncuffed tube but, if air leaks caused discomfort or made mechanical ventilation ineffective, cuffed tubes were used. Fenestrated tubes were employed for patients with ventilator-free time. Respiratory secretions were managed with MAC through a tracheotomy tube as previously described. 22 Caregivers could contact the RCU by telephone. A nurse from the RCU visited the patients at home once every 2 weeks and a pulmonologist every 3 months.
Additional details of the methods and equipment are provided in the online supplement.
Statistical analysis
Binary and categorical variables were summarised using frequency counts and percentages. Continuous normally distributed variables were expressed as mean6SD and those not normal as median (IQR). Data comparisons were performed using the Student t test and the ManneWhitney test for normally and not normally distributed data, respectively.
Dichotomic variables were compared with the c 2 test. Longterm survival was assessed with KaplaneMeier charts, applying the log-rank test for between-group comparisons. Cox univariate and multivariate stepwise proportional hazards were used to study the prognostic factors for survival. The multivariate analysis model, adjusted for sex, age and site of ALS onset, included those variables that exhibited a significant association in the univariate model. Statistical significance was taken as p<0.05.
RESULTS
From April 2001 to January 2010, 116 patients with ALS were managed in our RCU. All of them agreed to participate in the study.
During this period tracheotomies were needed for 76 patients. The demographic and clinical characteristics of these patients in the 3-month period prior to the need for tracheotomy are shown in table 1. Of these patients, 38 (50%) agreed to the procedure and 38 refused it and went on to receive appropriate palliative care. The characteristics of the patients who agreed to the tracheotomy did not differ from those who rejected it (table 1) . No patient died as a result of the tracheotomy procedure or related problems.
In 21 patients (11 of whom were already using NIV at home) the tracheotomy was performed after an urgent ETI carried out during an ARTI. Apart from one patient who refused NIV and chose a tracheotomy as their first option, the tracheotomy was performed after the failure of managing the situation noninvasively: inadequacy of use of NIV to maintain normal alveolar ventilation (n¼8, 38.1%); ineffectiveness of MAC to remove airway secretions (n¼3, 14.3%); or a combination of the two (n¼9, 42.9%). In 17 patients the tracheotomy was carried out as a nonemergency procedure. Prior to the tracheotomy, nine (52.9%) were using non-invasive respiratory muscle aids at home (one was managed with NIV, four with MAC, and four with both), while eight patients (47.1%) did not receive these treatments. The causes leading to tracheotomy in patients previously using non-invasive muscle aids were: inadequacy of NIV to maintain satisfactory alveolar ventilation (n¼1); rapid decrease in adequacy of MAC (n¼1); and a combination of the two (n¼1). In the eight patients not using non-invasive respiratory muscle aids at home, the immediate causes for performing a tracheotomy were: refusal of NIV and agreement to tracheotomy ventilation when assisted ventilation was needed (n¼1); inability to achieve effective NIV, probably due to severe BD (n¼2); and inefficacy of MAC (n¼4). Finally, for one patient, following their stated wishes, the tracheotomy was brought forward and carried out for the purposes of general anaesthesia required for scheduled surgical procedures not related to ALS.
The demographic and clinical characteristics assessed prior to the need for a tracheotomy are shown in table 2. No statistical differences were found between the patients who underwent a non-urgent tracheotomy and those who underwent this procedure during an acute episode. One patient for whom a tracheotomy was indicated due to ineffective NIV because of excessive non-compensable air leaks did not have BD (NBS 39), but most of the patients had severe BD (NBS 11.2468.62).
Home discharge and follow-up
The mean6SD post-tracheotomy RCU stay was 26.869.9 days. Seventeen patients (44.7%) were discharged with full-time HTMV and 21 with part-time HTMV (17.8966.55 h/day). Statistical differences between patients with full-time ventilation and those with part-time ventilation at discharge were found only in ALSRFS-R (9.3563.79 vs 12.3863.81, respectively, p¼0.02).
Except for the abovementioned patient for whom NIV failed because of leaks without obvious BD (NBS 39), the rest of the patients were sent home with nutrition by percutaneous endoscopic gastrostomy.
Nineteen patients (50%) required hospitalisation during the first year, with a total of 31 hospital admissions; the average number of hospitalisations per patient was 0.8260.98 (range 0e3). The main cause of hospitalisation (58%) was ARTI episodes requiring intravenous antibiotic therapy against multidrug-resistant bacteria or the need for oxygen therapy due to a fall in SpO 2 . Pneumonia was the cause of 35% of the ARTIs. Apart from ARTIs needing hospitalisation, the patients had a mean of 1.3460.45 ARTIs managed successfully at home. The most frequent organism colonising the airway was Pseudomonas aeruginosa (found in 57% of patients).
The second most common cause of hospitalisation (n¼6) was for psychiatric assessment or treatment, but all these patients were hospitalised to avoid the inconvenience of travelling for them and their carers rather than because of the seriousness of their emotional problems. The diagnoses were: dyssomnia (n¼1); adjustment disorder with depressed mood (n¼3); and adjustment disorder with anxiety (n¼2). The patients were treated with psychotherapy and drugs, with the patient with dyssomnia being hospitalised once and the others twice for the adjustment of treatment.
The third most common cause was tracheotomy management problems, with one patient hospitalised to manage a stomal haemorrhage and another to treat a granuloma from the tracheal wall occluding the distal tip of the tube.
Other causes of hospitalisation (affecting one patient in each case) were: the need for an exhaustive medical examination, a head injury, acute gastroenteritis, acute cholecystitis and severe hypokalaemia.
Causes of death and 1-year survival analysis
Eight patients died during the year, with the most frequent cause being sudden death at home (n¼4). Other causes of death were: ventilation withdrawal (n¼1); acute abdomen attended to at home by the emergency medical service, with the patient dead on arrival at hospital (n¼1); cardiac arrest during an acute heart failure attended to at home by the GP with the patient dead on arrival at hospital (n¼1); and respiratory tract infection, having refused to be taken to hospital (n¼1). These figures give a survival rate of 78.9%, with a mean survival of 10.39 months (95% CI 9.36 to 11.43). No statistical differences were found in survival between patients with ALS in whom a tracheotomy was performed during an acute episode (survival rate 85.7%, survival time 10.76 months, 95% CI 9.46 to 12.06) and those in a non-acute episode (survival rate 70.0%, survival time 9.94 months, 95% CI 8.31 to 11.58). The mean survival for patients refusing a tracheotomy was 0.83 months (95% CI 0.60 to 1.06). Statistical differences were found for survival between patients refusing a tracheotomy and those agreeing to it (p<0.0001).
In the univariate and multivariate analysis, no variable was related to the rate of survival (table 3) .
DISCUSSION
Our findings show that most patients with ALS from a referral unit for whom the informed shared decision was to receive HTMV after NIV failure can be successfully managed at home during the following year. Moreover, we found that although the main cause for hospital admissions in these patients was ARTIs, the main cause of death was not related to respiratory problems.
In ALS, severe BD allows respiratory problems to appear, 2 4 and it was present in most of our patients at the moment when non-invasive aids failed and a tracheotomy was essential. For 50% of patients this failure was relateddeither as the direct or associated cause along with the inability of NIV to provide adequate alveolar ventilationdto our inability to manage respiratory secretions despite the use of MAC, whose effectiveness was clearly affected by BD both in acute and non-acute settings. Most experts highlight the importance of managing secretions in ALS, 6 7 but what has not been described in previous studies is the real incidence of airway secretions as the cause of non-invasive management failure and of the need for ETI and a subsequent tracheotomy. 2 3 11 Our results confirm our previous findings 4 and show that, unlike what happens at earlier stages of the disease, for patients with serious BD according to the NBS score, MAC techniques do not achieve effective peak cough flow values. The accumulation of respiratory secretions may therefore make a tracheotomy necessary to remove them. This must be taken into account to ensure the tracheotomy is not inappropriately delayed.
With regard to the ratio of patients requiring a tracheotomy in acute versus non-acute settings, our results (55.26% vs 44.74%) are similar to those of Chio et al 9 (44.02% vs 55.97%) and differ greatly from those of Cazzolli and Oppenheimer 12 (92% vs 8%). Nowadays, starting HTMV should no longer necessarily be considered as the 'beginning of the end' for these patients. When the appropriate medical resources are in place and the patients wish to continue living, the old mentality of focusing only on palliative caredwhich is still common in the management of this diseasedmust make way for 'high technology and compassionate care' (Dr Anthony Oppenheimer, personal communication, 2003). Our 1-year survival rate of 79% is higher than that for glioblastoma multiforme treatment (62%) 23 and close to that of lung transplants (82.7%), 24 two high technology therapeutic procedures which are consolidated within standard medical practice. Of course, HTMV and palliative care must not be considered as binary mutually exclusive alternatives. While providing high technology care to maintain life, providing the best compassionate care to mitigate symptoms and to relieve suffering is essential. 7 The need to receive psychiatric assessment and treatment was the second most common cause of admission to hospital in our study but, if there had been a psychiatric home care service, such hospitalisations would not have been necessary. Studies show a wide range in the incidence of depression in patients with ALS with HTMV, 8 10 but there are no data regarding the importance of depression as a cause of hospitalisation. Our previous data 25 agree with those of Vianello et al, 8 showing that patients with a tracheotomy do not have higher levels of depression than those with NIV and those who do not require mechanical ventilation. In fact, the severity of depressive symptoms in patients with ALS is not related to the loss of function that comes with the progression of the disease, but rather to social support, coping capacity and independence. 26 27 This underlines the importance of honest communication with patients and relatives in order to make clear the future scenario with HTMV 28 and to continue clarifying any further uncertainty. 7 One limitation of this study is that we did not include an assessment of patients' and caregivers' quality of life or satisfaction with life in the protocol of this study. We are collecting this important information in our current research.
With a rate of around 45% of reported deaths, ARTI is by far the most common cause of mortality in patients with ALS with HTMV in previous studies. 5 8 9 11 However, our results show dramatic differences because, while ARTI was the primary cause of hospitalisation, only one patient died as a result of an ARTI, having refused to be taken to hospital. Although we have no definitive explanation for these differences, in our protocol the prevention and prompt management of ARTI was a target and patients and caregivers were involved in this. 29 The overall effect of 24 h telephone availability, regular home care visits, close microbiological survey and the use of MAC through tracheotomy for optimal control of respiratory secretions 21 could explaindat least partlydthe remarkably superior outcomes we had with respiratory infections. The importance of a rapid start to treatment in the prognosis of this kind of respiratory infection is well known, 30 and this was something we were able to provide to our patients.
Unlike previous studies, 8 10e12 we used shared decisionmaking principles 16 in the context of a deliberative model 31 for the physicianepatient relationship. In general, improving communication between care providers and patients can have beneficial effects on health outcomes, 28 whereas defective communication may reduce optimal clinical benefit. 28 Although the design of our study prevents the evaluation of the real impact of patient involvement in decision-making on survival, this could have some level of influence over the fact that our survival rate per year is higher than those found in previous studies (varying between 65% and 20%), in which only a few of the patients included were able to make an adequately informed decision regarding their future.
8e12
Sudden death was the main cause of death in our patients with ALS with HTMV. Previous studies 5 11 have reported sudden death as an important cause of death in ALS as the disease progresses, and autonomic disturbances with a reduction of sympathetic activities is thought to be the cause. 32 At present there are no effective treatments to prevent these deaths.
No predictive factors for survival were found in our study, and each of the available previous studies found different predictors of survival after HTMV in ALS. 8 9 11 In our opinion, survival factors can only be discussed when we have a number of studies based on excellent medical practice and following an appropriate design.
In conclusion, after being properly informed, patients with ALS who choose to maintain life with HTMV provided by a referral RCU, can have a good 1-year survival rate and respiratory problems do not have to be the cause of death. Failure to manage respiratory secretions when patients have severe BD must be taken into account as a cause of tracheotomy.
